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Abstract 
Post-combustion capture of CO2 is a key technology for the reduction of greenhouse gas emissions from Australian coal fired 
power stations. It is an emerging technology, which still faces significant challenges in scaling up to full commercial scale 
suitable for power station applications.  To increase adoption by the power industry significant cost reductions in capital and 
operating cost must be realised.  CSIRO has developed an integrated post-combustion capture R&D and pilot plant program 
aimed at bringing down the barriers for commercial deployment. This paper provides an overview of the program and its status. 
© 2008 Elsevier Ltd. All rights reserved 
Keywords: Type your keywords here, separated by semicolons ;  
1. Introduction 
The use of post-combustion capture of CO2 (PCC) followed by geological storage holds the promise of 
significant CO2-emission reductions from existing power stations. The main advantage of PCC is that it is the only 
practical technology able to reduce emissions from existing power stations and new ones. As it is an end of pipe 
technology fitted to a power station, it is also the CO2 capture technology which is the easiest to implement. The 
leading PCC technology is based on absorption processes, which is further described in the next section. It produces 
a very pure CO2 stream and is, in several ways, also a flexible technology with great adaptability. It allows for 
staged implementation, e.g. via the installation of separate modules, initially only treating a proportion of the power 
station flue gas.  This would also enable rapid uptake of technology improvements, such as new absorbents with 
better performance. During operation, it is also possible to vary the rate of CO2-removal or to even switch off the 
capture process. Such flexibility is a desirable feature which enables the power station output to be varied in 
accordance with the fluctuations in demand and to match market conditions. This feature is technically and 
economically attractive, particularly in liberalised electricity markets and this is not possible with other capture 
routes. PCC, however, has not yet been demonstrated at full scale in a power plant, nor has it been integrated into a 
power plant. The application of commercially available PCC-technologies, like all other capture routes, also leads to 
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large increases in the power generation costs and decreases the power generation efficiency. The development of 
less expensive capture technologies is therefore needed. Australia’s situation is also somewhat different to other 
nations, because of the lack of flue gas desulphurisation or denitrification installed at the power stations. Also 
cooling water constraints are quite severe, because of an ongoing drought. It is against this background that CSIRO 
has set-up an integrated program of research and pilot plant demonstrations [1]. 
2. Absorption processes for post-combustion CO2 capture 
Although several different processes are currently under development for the separation of CO2 from flue gases, 
absorption processes using aqueous solutions of chemical absorbents is the technology closest to commercialisation 
at power station scale, and likely to be the technology used to make initial cuts in global greenhouse gas emissions.  
The typical flow sheet of CO2 recovery using chemical absorbents is shown in Figure 1.  After cooling the flue gas, 
it is brought into contact with the chemical absorbent in the absorber.  A blower is required to pump the gas through 
the absorber. At temperatures typically between 40 and 60 oC CO2 is bound by the chemical absorbent in the 
absorber. After the absorption stage the flue gas passes through a water wash section to balance water in the system 
and to remove any solvent droplets or vapour carried over. It then leaves the absorber and is vented to the 
atmosphere.  The “rich” absorbent solution, which contains the chemically bound CO2 is then pumped to the top of a 
stripper, via a heat exchanger. The regeneration of the chemical absorbent is generally carried out in the stripper at 
elevated temperatures (100 – 140 oC) and pressures between 1 and 4 bar(a) with some solvents such as ammonia 
capable of being regenerated at much higher temperatures and pressures.  For regeneration to take place, heat is 
supplied to the reboiler, most likely in the form of steam from the low pressure steam turbine of the power station.  
The thermal energy required for regeneration is significant and can be split into three main components: heating up 
the solution, providing the required energy for removing the chemically bound CO2 from the solvent and for steam 
production within the stripper which acts as a stripping gas.  Steam is recovered in the condenser and the condensate 
fed back to the stripper, whereas the CO2 product gas leaves the condenser.  The CO2-product is a relatively pure (> 
99%) product, with water vapour being the main other component. Due to the selective nature of the chemical 
absorption process, the concentration of inert gases is low. The “lean” absorbent solution, containing a low level of 
CO2 is then pumped back to the absorber via the lean-rich heat exchanger and a cooler to bring it down to the 
absorber temperature level. CO2 removal is typically between 85 - 95%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Generic process flow diagram for CO2 recovery from flue gas with chemical absorbents 
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3. Post-combustion capture in the Australian electricity sector 
Electricity generation in Australia is 80% coal based (brown and black). The presence of easy to mine coal 
reserves and the close proximity of power plants to both coal mines and end users make electricity generation costs 
in Australia amongst the lowest in the world. However, this low cost is only possible at the expense of sizeable CO2-
emissions. Table 1 shows key data for Australia’s coal fired power generation fleet [2]. 
Table 1: Key data for Australian coal fired power stations 
Parameter Data 
Generation capacity 28 GW 
Electricity production  170 TWh/a 
Average generation efficiency and CO2 emission 
- Black coal  
- Brown coal 
 
35.6% - 0.9 tonne CO2/MWh 
25.7% - 1.3 tonne CO2/MWh 
Overall CO2-emissions and no of sources 170 Mtonne CO2/annum from ~ 60 flue gas streams 
Typical SO2 level range in flue gas 
- Black coal  
- Brown coal 
 
200 - 600 ppm 
100 - 300 ppm 
Typical NOx level range in flue gas 
- Black coal  
- Brown coal 
 
300 - 700 ppm 
100 - 200 ppm 
Typical flue gas temperatures 
- Black coal  
- Brown coal 
 
120 oC 
180 oC 
Cooling water requirement 1.5 - 3.0 m3/MWh 
 
It is important to note that Australian coal fired power stations have limited emission controls - only particulate 
removal (electrostatic precipitators or bag filters). Flue gas desulphurization (FGD) and denitrification (deNOx) has 
not been installed.  In the past Australia’s power generators have not been required to install FGD due to the low 
sulfur concentration in most of Australia’s coals.  This factor, along with the generally remote locations and low 
population density areas that the stations are operating in, has led to Australia’s fairly unique situation when it 
comes to CO2 capture from its flue gases. This now poses a problem for implementation of CO2 capture as all 
commercial processes have limited tolerance to SO2, ranging from max. 100 ppm for a low concentration MEA-
based process down to less than 10 ppm for processes based on new amines or formulated absorbents [3]. This 
means that in addition to flue gas cooling a separate scrubber will be necessary for deep removal of SO2, increasing 
the capital costs of the overall capture system. 
4. Post-combustion CO2 capture at CSIRO 
The PCC R&D program at CSIRO consists of two major components which are operated in an integrated 
manner: 
¾ A pilot plant program 
The pilot plant program is aimed at providing hands-on-experience for future operators of PCC plants.  The 
application of emission controls (DeNOx and FGD) in the EU, USA and Japan has given those power station 
operators a familiarity with chemical process technology. There have been no large scale chemical processes applied 
in the Australian power industry for chemical process experience to be developed.  The pilot plants will provide an 
important opportunity for the industry to gain experience in these types of technologies before going to a large scale. 
In addition to this the pilot plant program will result in the identification of operational issues and detailed 
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understanding of the technology requirement. These issues can be resolved at an early stage and if not 
straightforward they will lead to the specification of research tasks. A pilot plant operating on real flue gas will also 
be a testing ground for novel technologies/solvents brought forward by laboratory based research, as these 
technologies can be tested under realistic flue gas conditions (temperature and composition). 
¾ A laboratory research program 
The laboratory research program includes the development of novel chemical absorbents and novel processes for 
post-combustion capture including the integration with the power plants.  Overall, the program is designed to reduce 
both the capital and operating costs of CO2 capture under Australian conditions by determining optimum solvent and 
process configurations.  The pilot plant program incorporates the gathering of operational experience with a wide 
range of flue gases using commercially available chemical absorbents and also novel chemical absorbents developed 
in the lab research program. 
The laboratory based research program will also support the pilot plant program operation through the provision 
of analytical services. It will also provide support in the interpretation of research results  through e.g. process 
modelling and detailed chemical analysis and results assessment. The research program is also the starting point for 
the development of novel chemical absorbents and novel process concepts, which when deemed to be sufficiently 
qualified can be rolled out to the pilot plants. Within this research the Australian specific requirements related to the 
flue gas quality and the water limitations can also be addressed. 
5. Overview of pilot plants 
The pilot plant program has established two pilot plants in 2008, in the states of Victoria and New South Wales, 
with a third being established in Queensland. The capture plant capacities range from 100 kg/h CO2 to 500 kg/h 
CO2, using flue gases from brown and black coal firing. The wide operational scope of the pilot plants is needed to 
properly prepare the next steps for the development of carbon capture and storage (CCS) in Australia, which will be 
a much larger scale demonstration plant incorporating the full chain of capture and storage of CO2. 
Within the Latrobe Valley Post-combustion CO2 Capture Project the pilot plant technology has been based on 
amines and will be tested on flue gases from Victorian brown coal at the Loy Yang power plant.  Brown coal flue 
gases are available at high temperature, have high water content and contain alkaline ash. This provides a 
challenging environment for chemical absorption processes. This plant is the first of its kind in the southern 
Hemisphere and was started up in March 2008. The pilot plant is shown in Figure 3. Currently a series of 7 
experimental campaigns is being executed using different chemical absorbents. The first campaigns will be based on 
a 30% w/w MEA aqueous solution to provide the baseline for the process performance.    
                
 
Figure 3: Loy Yang pilot plant (brown coal)              Figure 4: Munmorah pilot plant (black coal) Figure 5: Gaobedian pilot plant (black coal) 
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A second pilot plant, based at Delta Electricity’s Lake Munmorah power station is currently undergoing 
commissioning and will be operational before the end of 2008 (Figure 4). This pilot plant is based on the use of 
aqueous ammonia for CO2 capture and the power station is a black coal fired power station without FGD or deNOx. 
The design is very flexible allowing the absorber and stripper to operate over a range of different pressures and 
temperatures. This flexibility is needed to fully explore the benefits and pitfalls of an aqueous ammonia process for 
CO2 capture. 
A third pilot plant will focus on the determination of an optimum solvent for flue gases from power generation 
processes using black coal.  This pilot plant will be located at Tarong Power station in Queensland and will be 
constructed in the first half of 2009, ready for operation in the second half of 2009. 
CSIRO have also partnered with TPRI and China Huaneng Group in China for the development and operation of 
an amine based pilot plant at the Huaneng Beijing Cogeneration Power Plant in Beijing (Figure 5).  This power 
station has FGD and deNOx and gives CSIRO the avenue to understand the trade-offs between developing an 
integrated pollution control system and using separate control technologies for each pollutant.  This pilot plant has 
been operational since June and is based on 20% w/w MEA.  Once trials are completed on MEA, other solvents and 
process variations will be incorporated into the operation of the pilot plant.  
6. Pilot plant design 
The pilot plant design is steered by the requirement to gather sufficient information from its operation to allow 
the next steps towards scale-up and commercialisation of PCC-technology to be taken. The information can be split 
up into two separate groups: 
¾ Technical performance 
The technical performance data gathered from the pilot plants should give sufficient information to understand 
the relationships between the CO2 capture efficiency (described by percentage removal or absorption rate), the CO2 
capture energy consumption (particularly the thermal energy requirement) as determined by the operational 
condition in the absorber (temperature and CO2 concentration) and the stripper (temperature and pressure). The 
technical performance is also determined by the liquid absorbent flow rate for a given flue gas flow rate and the 
liquid CO2 loadings resulting from this.  
¾ Practical operational performance 
Practical information needed relates to chemical absorbent consumption and degradation rates, fouling and 
corrosion, the effectiveness of the flue gas conditioning stage, reagent loss rate to both CO2-product gas and release 
with flue gas and system water consumption. This information will require the laboratory support for the liquid 
analysis and the determination of the stability of the chemical absorbent. 
The performance data gathered can be translated into information needed for the economic assessment of a 
particular absorbent. Comparison between results derived from the pilot plant with process modelling is needed to 
provide validation of performance for a range of chemical absorbents. The operational performance will also 
translate into the selection of equipment materials and chemical usage information, needed for the overall economic 
assessment. 
These requirements have led to a flexible basic design for pilot plants, allowing for testing on several locations as 
required. The pilot plant has been designed using a simulation software package called Winsim. The Winsim model 
is based on the process flow diagram shown in Figure 6. It has the following general characteristics:  
¾ capacity of 100-500kg/hr CO2 capture, depending on location 
¾ capture 85% of the CO2 in the incoming flue gas stream 
¾ be able to operate with variable reboiler temperatures and pressures 
¾ utilise a prescrubber for removal of SOx and NOx 
¾ dual absorber columns operable in series or parallel 
¾ single stripper column of sufficient regeneration capacity 
¾ a sophisticated gas analysis system to determine flue gas quality and CO2-product quality 
The pilot plants have been designed for operation with slipstream flue gas from black coal and brown coal fired 
power stations. 
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Figure 6: Pilot plant flow sheet 
7. Loy Yang pilot plant process simulation using Winsim 
The Winsim process simulation software has been used to determine the effects on the Loy Yang pilot plant 
process operation when varying different parameters.  The process simulation results will be used to guide operators 
in setting operational set-points, to compare with results as seen in the pilot plant and to verify the model. They will 
also aid in understanding any discrepancies between real results and those simulated by the model.  Some simulation 
results are shown in Table 2 for variations in the heat input rate to the reboiler using two different solvent flow-rates.  
The flue gas composition used for the model is 18.22% H2O, 6.81% O2, 65.59% N2, and 9.38% CO2 on a volume 
basis, which is the flue gas composition as found at Loy Yang power station. The results in Table 2 are in line with 
expectations. For instance the expected reduction in lean loading as the heat input into the reboiler increases is 
observed, although it is clear that there is also a reduction in the reboiler temperature. The thermal energy 
requirement varies widely but an energy requirement of less than 4 MJ/kg CO2 is achieved at capture rates between 
85% and 95%. This reaffirms that the pilot plant should be operated at capture rate between 85 - 95% CO2 capture.  
Pushing the plant any further results in a significant increase in energy and water required per unit of CO2 captured.  
Initial results do not seem to show in any benefit or loss by increasing the solvent flow rate.  Continuing work in this 
area will help firm up conclusions. 
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Table 2: Simulation results for the Loy Yang pilot plant 
Reboiler 
Heat 
(MJ/h) 
Reboiler 
Heat Duty 
(MJ/kg CO2 
removed) 
Lean 
Solvent 
(mol/mol) 
Rich 
Solvent 
(mol/mol) 
Solvent 
(lpm)/Flue Gas 
rates (m3/h) 
Temperature 
(oC)/P (bar) 
reboiler 
MEA 
Concentration 
(w/w) 
CO2 
Removed 
(%) 
Cooling 
Water 
required 
m3/h 
190 6.2 0.14 0.44 8.5/147 117 29 99.3 5.08 
180 5.9 0.15 0.44 8.5/147 116.6 29 99.2 5.06 
150 4.9 0.16 0.46 8.5/147 116 29 98.9 4.4 
135 4.4 0.17 0.46 8.5/147 116 29 98.8 4.3 
110 3.7 0.20 0.49 8.5/147 115 29 96.7 4.1 
90 3.36 0.26 0.5 8.5/147 113 29 86.8 3.8 
80 3.33 0.29 0.5 8.5/147 113 29 77.7 3.8 
         
150 4.9 0.21   12.2/147 116/1.68 29.9 99.3 4.9 
140 4.6 0.23  12.2/147 115/1.68 29.9 99.3  
130 4.3 0.25  12.2/147 115/1.67 29.9 98.9  
8. Preliminary results from Loy Yang pilot plant experiments 
Since the commissioning of the Loy Yang pilot plant was completed in May of 2008 the pilot plant has 
undergone a number of characterisation campaigns to develop a reproducible base line for operation on MEA.  This 
base line will be used to compare solvent and operational changes made in later campaigns and also for verification 
of process models. The characterization trials entail the achievement of a closed mass balance for CO2 and water 
and the assessment of the energy balance. 
Figure 7 shows some measured results (temperatures and flow rates) from a typical trial. The pilot plant reaches 
steady state in a short timeframe and that most parameters are fairly stable in operation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: Results from a typical pilot plant run 
Loy Yang PCC Pilot Plant - results for 07 Oct 08
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Table 3 shows some results from the characterisation trials carried out since May 2008. These results show that 
the pilot plant is underperforming in terms of the amount of CO2-recovered compared to the model. The reasons for 
this are currently being investigated. 
Table 3: Characterisation trials for the Loy Yang pilot plant 
Blower 
flow-rate 
(m3/h) 
Solvent 
flow-rate 
(l/min) 
Reboiler steam 
pressure 
(kPa) 
Solvent temp 
 ABS-COL1        ABS-COL2 
mid temp (oC)   mid temp (oC) 
 
Recovery 
(%) 
50 8.2 140-150 28 28 100 
75 8.2 140-150 33 36 100 
100 8.2 140-150 42 41 100 
100 8.2 140-150 40 40 100 
125 8.2 140-150 47 40 85-90 
150 8.2 140-150 54 42 65-70 
167 8.2 140-150 52 38 55-60 
167 8.2 140-150 52 35 60-65 
50 8.2 140-150 28 28 100 
75 8.2 140-150 21 24 100 
167 8.2 140-150 63 60 70 
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